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S U M M A R Y
Since the  pub l ica t ion  o f  the  Brundt land repor t  "Our  Common Future"  ' sus ta inab i l i t y '
i s  on  the  po l i t i ca l  Agenda.  l t  encompasses  'meet ing  the  needs o f  the  present
w i thout  compromis ing  the  ab i l i t y  o f  fu tu re  genera t ions  to  meet  the i r  needs ' .  For  th is
thes is  th is  de f in i t ion  is  ex tended by  the  s ta tement  tha t  in  a  sus ta i r rab le  soc ie ty  an
equal r ight per capita exists to the benefi ts of natural resources, irrespective of
p lace  and t ime o f  l i v ing .  Thus ,  sus ta inab i l i t y  inc ludes  equ i ty  in  space and t ime.
The ob jec t ive  o f  th is  thes is  i s  to  s tudy  b io -phys ica l  cons t ra in ts  on  sus ta inab le
deve lopment  pa ths ;  i .e .  what  leve l  o f  consumpt ion  can be  der ived  sus ta inab ly  f rom
the ex is t ing  ' s tocks '  o f  na tura l  resources .  G iven th is  perspec t ive ,  ins t i tu t iona l - ,
soc io -psycho log ica l -  and monetary  economics  issues  are  no t  spec i f i ca l l y  addressed.
Natura l  resources  are  taken to  cons is t  o f  dep le tab le  (mater ia ls )  resources  l i ke  foss i l
fue ls  o r  o res ,  renewab le  resources  l i ke  so la r  energy ,  bu t  a lso  o f  env i ronmenta l
qua l i t y  de termin ing  resources  l i ke  unpo l lu ted  a i r  (e .9 .  to  ma in ta in  an  und is tu rbed
c l imate)  and we l l -p reserved na tura l  a reas  (e .g .  p ro tec t ion  o f  na tura l  b io -d ivers i ty ) .
In  Chapter  1  o f  th is  thes is ,  a  h ie rarchy  is  suggested  fo r  g loba l  b io -phys ica l
ind ica tors  fo r  sus ta inab i l i t y .  Energy  use  is  chosen as  the  u l t imate  b io -phys ica l
cons t ra in t  on  sus ta inab le  deve lopment ,  s ince  energy  can be  used to  exp lo i t  ever
leaner  mater ia l  o res ,  wh ich  in  tu rn  can be  used -  l i ke  energy  -  to  counterac t  spa t ia l
l im i ta t ions  on  human ac t iv i t y .  A  sound land use po l i cy  (and po l lu t ion  prevent ion) ,  in
tu rn ,  can  pro tec t  na tura l  b io -d ivers i ty .  The two main  prob lems in  energy  use  are
supply and pol lut ion, which are caused by the rapid increase in energy use through
t ime.  Resources  o f  foss i l  fue ls  (our  ma in  energy  source  a t  p resent )  a re  dep le tab le ,
and the  CO2 emiss ion  occur r ing  th rough i t s  use  is  inc reas ing  the  r i sks  fo r  an
enhanced greenhouse e f fec t .  The po ten t ia l  supp ly  o f  renewab le  energy  sources  is
l im i ted  fo r  var ious  reasons  (e .9 .  spa t ia l  requ i rements ) .  F rom data  on  foss i l  fue l
resources  and CO2 emiss ions  i t  fo l lows tha t  a  t rans i t ion  to  renewab le  (e .9 .  so la r )
energy  w i l l  have to  occur  somet ime in  the  nex t  cen tury .  In  th is  thes is  the  t rans i t ion
to  a  sus ta inab le ,  l i veab le  and equ i tab le  wor ld  i s  s tud ied  by  an  end-use or ien ta ted ,
energy  based backcas t ing  approach.
In  Chapter  2  a  b reakdown o f  wor ld  energy  use  is  g iven  in to  th ree  main  fac to rs
under ly ing  i t ,  i .e .  popu la t ion  s ize ,  mater ia l  wea l th  per  cap i ta  and energy  in tens i ty .
The latter two are expressed as Service Level per Capifa (SLC) and Energy Required
per Service (EffS). To express important dif ferences in these factors they are
quant i f ied  separa te ly  fo r  the  F i rs t -  and Th i rd  Wor ld .  In  1990,  the  ra t io  o f  SLC1 to
S L C 3  w a s  1  : 0 . 1 7 ,  w h e r e a s  t h e  r a t i o  o f  E R S ]  t o  E R S 3  w a s  I  :  1 . 3 5 .  T h i s  d i v i s i o n
a l lows a  s tudy  o f  the  equ i ty  concept ,  in  wh ich  bo th  SLC1/SLC3 and ERS1/ERS3
values become equal in a certain year. Based upon three dif ferent UN populat ion
forecasts, a maximum level of energy use per capita can be determined in a l inal
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sus ta inab le  s i tua t ion  -  inc lud ing  equ i ty .  Energy
hydrogen ' ,  i .e .  hydrogen genera ted  by  s i l i con
ce l l s  a te  assessed to  be  the  bes t  oo t ion
requ i rements .  Th is  f ina l  s i tua t ion  is  used as
descr ibed in  the  nex t  chaDters .
supp ly  then la rge ly  cons is ts  o f  ' so la r
photo-vo l ta ic  ce l l s .  S i l i con  based PV
based on materials- and soatial
a  re fe rence in  backcas t  scenar ios
In Chapter 3 the basic version of the Transit ion calculat ion model is introduced and
a ser ies  o f  sample  ca lcu la t ions  is  shown.  The ca lcu la t ion  mode l  i s  made to
investigate the physical possibi l i t ies, at an aggregated macro level, for reaching a
sus ta inab le  equ i l ib r ium wor ld  soc ie ty .  Const ra in ts  on  the  poss ib le  fu tu res  are  based
on energy  as  common denominator ,  under  the  assumpt ions  tha t  there  is  a  l im i ted
amount  o f  foss i l  fue ls  ava i lab le ,  and tha t  the  use  o f  th is  amount  migh t  even be  more
l im i ted  due to  emiss ions  in to  the  env i ronment .  The purpose o f  the  "Trans i t ion"
mode ls  i s  to  ca lcu la te  the  amount  o f  foss i l  fue ls  used un t i l  2100,  and the  C02
emiss ion  caused by  th is  use ,  g iven  a  se t  o f  inpu t  parameters .  Most  inpu t  parameters
re la te  to  a  t rans i t ion  f rom foss i l  to  so la r  energy ,  somet ime in  the  nex t  cen tury .  The
mode l  inpu t  can  be  de f ined by  the  users ,  depend ing  on  the i r  ta rge ts ,  va lues  and
b e l i e f s .  B a s i c a l l y  t h e  m o d e l s  a n s w e r  t h e  q u e s t i o n  " 1 f . . . . ,  t h e n . . . . " .  B a s i s  i s  t h e
match ing  o f  energy  demand by  energy  supp ly ,  fo r  every  year  be tween 1  990 and
2 iOO.  The mode l  s t ruc tu re  i s  'open ' .  i .e .  con ta in inq  no  feedback  looos .
lorocasts tlmg
Figure S.1.  The l ransi t ion to renewable energy sources and
references for backcasting.
The l ine of reasoning in
the  Trans i t ion  Mode l l ing
Framework starts with
sett ing a target for
s u s t a i n a b i l i t y  i n  t h e
f u t u r e ,  i n c l u d i n g
equ i ty r .  A  range is  then
spec i f ied  fo r  energy  use
w i t h i n  e n v i r o n m e n t a l
(scarcity and pol lut ion)
cons t ra in ts  fo r  th is  f ina l ,
sustainable equi l ibr ium.
Th is  i s  shown in  F igure
S.1 :  the  energy  use  in
the f inal si tuation varies
between low and high
assessments .  From th is
range,  some backcas t ing
present si tuation. Thesescenar ios  a re  dev ised tha t  re la te  the  end po in t  to  the
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scenarios include combinations of populat ion development, development of service
level per capita and energy required per service (e.g. including equity), which dictate
the posit ion of the l ine representing totat energy demand. They also include
assessments of the rate of exploitat ion of renewable resources, which consti tute
the l ine representing supply from renewable resources. Al l  scenarios are bounded by
l im i ts  on  ava i lab le  foss i l  fue l  resources  ( in  the  sample  ca lcu la t ions  th ree  c lasses  o f
resources l imits are presented2l and by l imits on co2 emissions (the lpcc i  ggod
l im i t  i s  used;  fo r  sens i t i v i t y  assessments  a lso  l im i ts  tw ice  as  la rge  and tw ice  as
small  are shown). These two constraints dictate the s2e of the area between the
supply line of renewable energy soutces and the totat demand. From estimates or
expectat ions on al l  but one of the factors introduced before, the range of possible
values for the last factor can be calculated. l f  only a few factors are assessed up
lront, this leads to a series of possible values for the remaining factors. 1.e.,
est imates on populat ion growth and the year in which equity be achieved can be
combined with a chosen transit ion path to renewable energy. These estimates lead
to maximum values for the product of service level per capita (SLC) and energy
required per service (ERS). related to the chosen data on fossi l  fuel resources and
maximum al lowable CO2 emission. Since by incorporating equity the levels for
ASLC3 and AERS3 are automatical ly set for a given ASLCl and AERS'1 , results of
the calculat ions are presented in the form of constraints on the combinations of
ASLC1 and AERS1, given sets of assumptions on the other factors mentioned
above.  Th is  i s  shown in  F igure  S.2  and S.3 .
Figure S.2 gives typical results for a group of scenarios in which ASLC1 is varied.
Scenarios outcomes are considered unsustainable i f  ei ther the fossi l  fuel
requirements l ie to the r ight of the chosen avai lable resource class, or i f  the required
CO2 retention3 relat ive to the chosen l imit l ies above the maximum assessed as
feas ib le  (5O% re ten t ion  o f  cumula t ive  CO2 emiss ion  to  21OO is  used as  a  h igh
estimate). The f igure shows that under these assumptions, posit ive ASLCl values
would lead to a requirement of over 5Oo/o CO2 retention, consuming more than the
proven amount of fossi l  fuels - and even more than speculat ive resources at high
ASLCl values in combination with an L2 transit iono. Similar diagrams could be
constructed for e.g. other values for AERS'l (more eff iciency improvement leading
to a higher growth potential).  In Figure S.3 calculat ion results are translated into
constraints on ASLC'l  and AERS1, for the medium UN populat ion forecast, equity in
2O50, two dif ferent transit ion paths to solar energy ( i .e. E' l  or L2) and two dif ferent
2. Proven reserves,  speculat ive + proven resources,  or  a l l  convent ional  o i l  + gas resource bases +
marginal  coal  resources.
3 .  E .g .  dump ing  o f  CO2  i n to  deep  sea  o r ' emp t i ed ' gas  we l l s ,  o r  seques te r i ng  o f  CO2  v i a
reforestation.
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assessments  o f  feas ib le  CO2 re ten t ion  ( i .e .  O or  5O%)5.  These d iagrams can be
constructed for any co2 l imit one wants to refer to5. Thus, backcasting sets
targets for those factors that are not assessed in advance.
. 2 a l L
tincE IPCC CO2 ltmtt
. 2 . 1 ^ 0 . 5
tlm!. IPCC CO2 l|mlt
. r l
a
Figure S.2. Typical results for
a group of scenarios varying in
ASLCl values (indicated by
the numbers -3 to + 3, in
o/olal. Shared assumptions:
APOP = "med".  AERSI =
-lTola 11990-2O50), equity in
2050. The upper diagram
rep resen i s  E ' l  t r ans i t i ons
(exponential from 2000 to
2O5O); the lower diagram
represents L2 transitions (linear
t tom 2O5O to 2100).  CO2
limits reler to the IPCC 1990d
constraint, and to limits of
twice or half fhis amount. For
a classification of tossil fuer
resources see Footnote 2.
Please note the difference in
the scale of the X-axis
between the upper and lower
diagrams. The final solar
capacity in 2100 (given as
solar hydrogen supply) does
not depend on the transition
path { thus,  there is  no
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In Chapter 4 the focus is on the Energy Supply
energy  supp ly  (ERE)  is  v isua l i zed .  lead ing  to
System. The energy requirement for
a separate factor in energy demand
5. Compared to the IPCC 199Od l imi t .
6.  Even the ef fect  of  ignor ing CO2 emissions al together could be shown, in which case one could
















(nex t  to  POP,  SLC and remain ing  EBS) .  E .9 . ,  the  energy  requ i rements  to  bu i ld  and
main ta in  a  photo-vo l ta ic  energy  supp ly  sys tem,  inc lud ing  t rans format ion  to
hydrogen for storage and transportat ion are taken into consideration. The energy
required to construct solar cel ls has to be part ly obtained {rom non-renewable
sources (energy ' investments' must precede energy 'returns').  This means that a
par t  o f  the  remain ing  foss i l  fue l  resource  base can no t  be  ' consumed '  bu t  has  to  be
' inves ted ' ;  the  ac tua l  amount  be ing  dependent  bo th  on  to ta l  energy  demand to
supp ly  serv ices  as  on  techn ica l  assumpt ions  w i th  regard  to  so la r  energy  supp ly
sys tems.  Foss i l  fue ls  w i l l  have to  remain  in  use  th roughout  the  energy  t rans i t ion
per iod .  However ,  a l though the  cons t ra in ts  a re  s l igh t ly  t igh tened in  compar ison w i th
the  resu l t  f rom the  Bas ic  Mode l ,  no  new fundamenta l  phys ica l  p rob lems ar ise  in
ach iev ing  a  sus ta inab le  fu tu re .
Chapter 5 presents the
M a t e r i a l s - E x t e n d e d
model version. Here the
effects of a trade-off to
e n e r g y  i n  m a t e r i a l s
s u p p l y  i s  v i s u a l i z e d .
F a c t o r s  ( d i r e c t l y  o r
i n d i r e c t l y )  a f f e c t i n g
e n e r g y  d e m a n d  f  o r
materials supply are:
t o t a l  d e m a n d  f o r
-3  -2  - t  0  1  2  3  mater ia ls  (wh ich ,  i f
annuel sLcr chang. 19go - 2o5o (t6) r ising, increases scarcity
p h e n o m e n a ) ;  s c a r c i t y
Figure s.3. Transition constraints on ASLC1 and AERS1 1gg0- (leaner ores require a
2O5O (equity in 2O5O; medium APOP; El or L2 transir ion; O or higher energy input);
5Qo/o CO2 retention). Combinations lower/ left  ol the l ines are recycl ing (which, i f
s u s t a i n a b l e .  i m p r o v i n g ,  l O w e r S
e n e r g y  d e m a n d  a n d
scarc i ty  inc rease) ;  and,  f ina l l y ,  subs t i tu t ion  o f  one mater ia l  fo r  another  and changes
in  p roduc t ion  e f f i c iency  (bo th  o f  wh ich  can in f luence energy  demand in  e i ther  way) .
Var ious  assumpt ions  concern ing  these f  ac to rs  a re  s tud ied .  Examples  inc lude:
recycl ing optimization versus continuation of recycl ing at the current level;  an
opt im is t i c  and a  pess imis t i c  scarc i ty  assessment  inc lud ing  a  s tepwise  func t ion  fo r
increasing energy requirements for mining versus cumulative materials use, and
subst i tu t ion  o f  copper  by  a luminum.  Mater ia ls  demand was mode l led  as  Mater ia ls
Requ i red  per  Serv ice  (MatRS,  by  ana logy  w i th  the  ERS va lues) ,  wh i le  e f f i c iency
improvements  in  p roduc t ion  processes  were  expressed as  an  annua l  percentage.  In
most medium to high growth scenarios. scarcity prevai ls over recycl ing, leading to
an extra demand for energy, thereby increasing constraints on potential service
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l eve ls .  On ly  in  low to  med ium growth  scenar ios  in  combina t ion  w i th  an  op t im is t i c
scarc i ty  assessment  i t  i s  the  o ther  way around:  recyc l ing  o f fe rs  some leeway fo r
orowth  o f  serv ice  leve l .
A  d iscuss ion  on  the  var ious  mode l  s t ruc tu res  rs  g iven  in  Chapter  6 .  The mode ls
have a  h igh  leve l  o f  aggregat ion ,  wh ich  is  bo th  the i r  s t rength  and the i r  weakness .
The t ransparency  o f  the  bas ic  mode l  makes i t  very  su i ted  fo r  po l i cy  suppor t ,  and
management -  and educat iona l  purposes ;  users  a re  fo rced to  make the i r  expec ta t ions
exp l ic i t .  Bo th  ex tended mode l  f  o rms are  somewhat  less  t ransparent ,  bu t  do
genera te  more  ins igh t  in  the  mechan isms o f  t rans i t ion  and t rade-o f fs  to  energy .
Future  work  cou ld  show more  o f  these t rade-o f f  mechan isms,  e .g .  by  mode l l ing  a
growing  energy  demand fo r  f resh  water  supp ly .  Ex terna l  l inks  a re  poss ib le  to  ECCO
and MARKAL mode ls ,  l i ke  there  are  a lso  l inks  to  the  concept  o f  Env i ronmenta l
Space.  To  magn i fy  the  educat iona l  p ro f i t s  f rom the  t rans i t ion  mode ls ,  a  p rov is iona l
version of an educational game based on the Toolbox for Tomorrow methodology is
descr ibed.  Th is  game has  two par ts  to  be  used in  a  workshop;  an  example  mode l
nar ra t ing  the  sad (bu t  t rue)  s to ry  o f  the  dec l ine  o f  Eas ter  l s land,  in  wh ich  a l te rna t ive
end ings  can be  imp lemented;  and a  g loba l  energy  t rans i t ion iequ i ty  mode l ,  wh ich
can be  used to  s tudv  re levant  aspec ts  (ac to rs ,  reac t iv i t ies ,  events )  invo lved in  the
cur ren t  g loba l  -energy-  s i tua t ion .
In  Chapter  7  the  resu l ts  o f  the  sample  ca lcu la t ions  w i th  the  t rans i t ion  mode l  a re
d iscussed,  and they  are  compared to  l i te ra tu re  fo recas t  scenar ios .  The resu l ts  f rom
the example  ca lcu la t ions  show a  t rans i t ion  to  a  sus ta inab le  soc ie ty  in  2050 to  be
physical ly possible, i f  a number of pre-condit ions is met. These pre-condit ions relate
to  wor ld  popu la t ion  growth  (un t i l  21OO) ,  and to  the  leve l  o f  energy  e f f i c iency
improvement compared to the growth of service level per capita in the First World,
un t i l  2O50.  Ear ly  t rans i t ions  to  so la r  energy  genera te  a  h igher  po ten t ia l  fo r
deve lopment  o f  serv ice  leve ls .  The t rans i t ion  l im i ts  a re  more  s t r ingent  than the  l im i ts
on the f inal equi l ibr ium that can be derived from a top-down supply-side oriented
approach.  Th is  means there  may s t i l l  be  a  po ten t ia l  fo r  fu tu re  g rowth  beyond the
t ime hor izon  o f  th is  backcas t  mode l  ( in  the  example  ca lcu la t ions  no  s ta tements  a re
made about growth potential beyond 2O5O; i I  al l  underlying assumptions are
sat is f  ied  no  dec l ine  in  energy  use  per  cap i ta  w i l l  have to  occur ) .  Dur ing  the
t rans i t ion ,  the  l im i ts  imposed by  po l lu t ion  cont ro l  ( i .e .  l im i t ing  CO2 emiss ions)  a re
more str ingent than the absolute amount of {ossi l  luel resources.
S ince  most  ( l i te ra tu re)  fo recas t  mode ls  on ly  have l im i ted  t ime hor izons  (c f .  F igure
S.1), they do general ly not give inlormation on the potential long term sustainabi l i ty
o f  the i r  under ly ing  assumpt ions  (e .9 .  those re la t ing  to  economic  growth  in  F i rs t -  o r
Th i rd  Wor ld ) .  Most  scenar ios  s tud ied  do  no t  sa t is fy  the  IPCC CO2 emiss ion  l im i t
used in this thesis i f  they are extended to e.g. 2O5O - not even i f  a transit ion to
so la r  energy  is  mode l led  to  take  p lace  immedia te ly  a f te r  the  or ig ina l  t ime hor izon  o f
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the  fo recas t .  F rom the  group o f  energy  scenar ios  s tud ied ,  on ly  the  scenar ios
presented by Goldemberg seem to offer a path that leaves open the possibi l i ty for
reaching equity without surpassing environmental thresholds of the type considered
here .  However ,  th is  scenar io  i s  based on  a  low popu la t ion  fo recas t ,  wh ich  e .g .
leaves room for a large scale use of biomass without endangering food supply. The
Greenpeace Fossi l  Free Energy Scenario might, in i ts stated conservatism, also
contain the potential to reach equity and sustainabi l i ty within the next century, even
with a higher populat ion growth than assumed in Goldemberg's scenarios, The
other  scenar ios  { i .e .  WCED,  l lASA,  CPB)  show the  unsus ta inab i l i t y  o f  (near )
business-as-usual developments in various degrees. These scenarios wil l  ei ther
surpass environmental thresholds, or require a decrease in energy use per capita
{espec ia l l y  in  the  F i rs t  Wor ld )  l i ke  i s  dep ic ted  in  the 'c rash  course '  "B"  in  F igure  S.4 ,
somet ime in  the  nex t  cen turv .
The resu l ts  suggest  the
e x i s t e n c e  o f  a
sus ta inab le  deve lopment
d i lemma.  l f  the  h is to r ic
trends in the growth of
service level and energy
ef f  i c iency  improvement
a r e  c o n t i n u e d  a n d
combined w i th  equ i ty  -
e v e n  i n c l u d i n g  a
t rans i t ion  to  so la r  energy
-  i t  imp l ies  the  dep le t ion
of fossi l- fuel resources
to such an extent that
g r e e n h o u s e  i s s u e s
b e c o m e  m u c h  m o r e
s e r i o u s  a n d  t h e
r e q u i r e m e n t s  f o r
renewab les  and CO2 mi t iga t ion  become a lmost  unsurmountab le .  Such prob lems
seem only avoidable at the expense of maintaining the gap between the r ich and the
poor for another century. Neither solut ion can simultaneously be label led as
sus ta inab le ,  equ i tab le  and l i veab le .  The cha l lenge f  o r  s t ruc tu ra l  change is  se t ;
current energy forecasts or scenario studies do not yet provide a ful l  answer to this.
Delays in changing present trends wil l  narrow the solut ion space because energy
use leve ls  w i l l  g row,  low ta rge t  va lues  fo r  SLC wi l l  be  more  d i f f i cu l t  to  reach and
more fossi l  fuels wil l  be consumed, leaving less of them avai lable for the transit ion
per iod .











Figure S.4. Two possible transition paths to a sustainable enefgy
system (units ot t ime and energy chosen arbitrary). Path A wil l lead
to a higher sustainable energy level than the crash course B.
I 
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Summary ,  Samenvat t ing ,  References page: 244
Chapter  8  c loses  th is  thes is  w i th  some re f lec t ions  on  the  ins t i tu t iona l  and soc io -
psycho log ica l  aspec ts  o f  a  t rans i t ion  to  sus ta inab i l i t y .  One o f  the  main  reasons  why
the required energy transit ion cannot be ruled by an unrestr icted free market system
is  the  absence o f  a  p r ice  t i cke t  on  greenhouse gas  emiss ions  ( the  s t ronges t
constraint on fossi l  energy use) and the weak protection of the future in general.
There fore .  a  goa l -o r ien ted  po l i cy  seems requ i red ,  wh ich  w i l l  be  demand ing  on  soc ia l
sc iences  to  guarantee  imp lementa t ion .  l t  i s  a rgued tha t  the  in i t ia t ion  o f  an  energy
t rans i t ion  is  the  respons ib i l i t y  o f  the  main  CO2 emi t te rs  o f  the  present ;  i .e .  the  F i rs t
Wor ld  count r ies .  Some comments  in  th is  l igh t  a re  made on the  concept  o f  Jo in t
lmp lementa t ion  (J .1 . )  versus  Techno logy  Trans fer ;  i t  i s  suggested  tha t  J . l .  be
def ined as  decreas ing  the  env i ronmenta l  impact  o f  per  cap i ta  consumpt ion  in  F i rs t
Worlci countr ies as calculated by an LCA approachT. Technology Transfer then
shou ld  re la te  to  decreas ing  per  cap i ta  env i ronmenta l  impact  in  Th i rd  Wor ld  count r ies
based on the same accounting method. Next, the concept of Environmental Sphere
of lnf luence is introduced, which shows that by applying various ways of
account ing  the  env i ronmenta l  impact  caused by  var ious  ac tors  ( i .e .  na tura l  persons ,
count r ies )  the i r  in f luence tu rns  ou t  to  be  la rger  than by  us ing  one s ing le  method ( i .e .
t h e ' E n v i r o n m e n t a l  i m p a c t  p e r  u n i t  o f  G N P ' o r  t h e  L C A  m e t h o d ) .  F i n a l l y ,  a  f e w
examples  are  g iven wh ich  show tha t  even on  the  shor t  te rm or  on  the  meso- leve l
env i ronment  and economv need no t  be  conf l i c t inq  issues .
7. LCA = Li fe Cycle Analysis
